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(54) Separator for fuel cell, fuel cell incorporating the same, and method of production of the 



(57) An inexpensive and corrosion resistant metal- 
made gas separator(30) includes a base(60) formed by 
joining formed stainless steel base sheets face to face. 
The base(60) carries on each of opposite surfaces 
thereof a first coating layer(62) formed by plating with 
tin. The base is also coated with a second coating 
layer(64) of a thermal expansion graphite. When incor- 
porated into a fuel cell, the separator contacts gas diffu- 
sion electrodes that are formed from a carbon material 
similar to the carbon material of the second coating 
layer(64). so that the contact resistance is reduced. The 
first coating layer is formed after a passive state coating 
is removed from the stainless steel surface, so that an 
increase in the internal resistance of the separator 
caused by the passive state coating is substantially pre- 
vented. 



< 

CO 

<0 
m 
m 
cr> 
o 
Q_ 



BNSDOCID: <EP_ 



Primed by Xerox (U 



FIG. 2 




Copied from 11720005 on 06/1 5/200$ 



EP 0 955 686 A1 



BACKGROUND OF THE INVENTION 

1 . Field of the invention 

[0001 ] The present invention relates to a gas separa- 
tor for use in a fuel cell, and a fuel cell incorporating the 
gas separator, and a method of production of the gas 
separator. More particularly, the invention relates to a 
fuel cell gas separator which is provided between adja- 
cent unit cells in a fuel cell formed by stacking a plurality 
of unit cells, and which forms a fuel gas passage and an 
oxidative gas passage, together with adjacent mem- 
bers, and separates a fuel gas and an oxidative gas 
from each other, and a fuel cell incorporating the gas 
separator, and a method of production of the gas sepa- 
rator. 

2. Description of the Related Art 

[0002] A fuel cell gas separator is a component mem- 
ber of a fuel cell stack formed by stacking a plurality of 
unit cells. The gas separator has a sufficiently high gas 
impermeability so as to prevent mixture of a fuel gas 
and an oxidative gas that are supplied to adjacent unit 
cells. A typical fuel cell gas separator is formed by using 
a carbon material or a metal material. Normally, metal 
materials have excellent strength, and therefore allow 
formation of a thinner gas separator than carbon mate- 
rials. This allows the size of a fuel cell to be reduced. 
Furthermore, metal-made gas separators can be pro- 
duced by a simple and easy methods, for example, by 
pressing a metal sheet, so that the gas separator pro- 
duction process can be simplified and made less time- 
consuming. Therefore, adoption of a metal-made gas 
separator improves productivity and controls the pro- 
duction costs. 

[0003] For production of a metal-made gas separator, 
a suitable metal may be selected from metals having 
sufficiently high electric conductivity, strength and form- 
ability. Normally, an anticorrosion measure is needed to 
secure a sufficiently high corrosion resistance of the gas 
separator under environmental conditions for the opera- 
tion of a fuel cell. One example of a measure for improv- 
ing the corrosion resistance of a gas separator is to coat 
a gas separator with a metal having a good corrosion 
resistance, for example, platinum, gold, rhodium, iridium 
and the like (described in, for example. Japanese Patent 
Application Laid-Open No. HEI 5-182679). 
[0004] However, these melals are rarely-occurring 
natural resources, and the use of such a costly noble 
metal increases the production cost of a fuel cell. Fur- 
thermore, if plating or the like method is employed for 
the metal coating process, the problem of formation of 
micro-holes in the coating surface is likely to arise. If 
there are holes in a coating surface, corrosion advances 
gradually therefrom. Thus, if a gas separator is coated 



with a noble metal as mentioned above, it is still difficult 
to secure a sufficiently high corrosion resistance. An 
attempt may be made to restrict the effect of corrosion 
starting at holes in a coating surface within an allowable 

5 range. However, this attempt necessitates an increase 
in the coating thickness, thereby increasing the amount 
of noble metal used. A technology for achieving an 
improved corrosion resistance of a gas separator by 
coating it with nickel is known (for example, Japanese 

io Patent Application Laid-Open No. HEI 7-282821). In 
some cases, however, the nickel coating fails to secure 
a sufficiently high corrosion resistance under environ- 
mental conditions for the operation of a polymer electro- 
lyte fuel cell. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present inven- 
tion to achieve a sufficiently high corrosion resistance of 
20 a metal-made gas separator without using a costly 



[0006] In accordance with one aspect of the invention, 
a separator for a fuel cell includes a metallic base mem- 
ber, a first coating layer covering at least a portion of a 

25 surface of the base member, the first coating layer being 
formed from a first electrically conductive material, and 
a second coating layer covering at least a face where 
the first coating layer is formed, the second coating layer 
being formed from a second electrically conductive 

30 material different from the first electrically conductive 
material. The first coating layer being formed at least on 
a face of the separator that contacts another fuel cell 
component member when the separator is incorporated 
into the fuel cell. 

35 [0007] In the above aspect of the invention, the sec- 
ond electrically conductive material may be a carbon 



[0008] In the gas separator for a fuel cell of the inven- 
tion, a metal-made gas separator base member is 

-to coated with an electrically conductive material other 
than carbon and with a carbon material, so that a suffi- 
ciently high corrosion resistance can be achieved with- 
out using a costly material, such as a noble metal. The 
separator has a carbon material coating on a contact 

45 face that contacts an adjacent member (for example, a 
gas diffusion electrode) when the separator is incorpo- 
rated into a fuel cell. Since the adjacent member is also 
formed of a carbon material, the contact resistance 
between the carbon material coating of the separator 

so and the adjacent member can be reduced. Thus, the 
provision of the first coating layer of an electrically con- 
ductive material and the second coating layer secures a 
sufficiently high corrosion resistance and a sufficiently 
high electric conductivity. Therefore, it becomes possi- 

55 ble to form a base member of the separator from a 
metal that has a sufficiently high electric conductivity 
and that is low cost but which is insufficient in corrosion 
resistance, for example, stainless steel, aluminum and 
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the like. 

[0009] Fuel cells into which the separator is incorpo- 
rated are able to maintain sufficiently high performance 
over long hours of use since an increase in the internal 
resistance caused by corrosion of the gas separator 
does not occur. 

[001 0] In the above aspect of the invention, the carbon 
material of the second coating layer may be a thermal 
expansion graphite. 

[001 1 ] Use of a thermal expansion graphite eliminates 
the need to add a binder to the carbon material for the 
second coating layer when the second coating layer is 
to be formed by press-fitting the carbon material onto 
the separator base member. Therefore, a reduction in 
the electric conductivity of the separator surface caused 
by a binder is eliminated. 

[001 2] The base member may be electrically conduc- 
tive at least in a region thereof where the first coating 
layer is formed. If the separator base member forms a 
substantially non-electrically conductive coating on a 
surface thereof, the substantially non-electrically con- 
ductive coating may be removed from the surface of the 
separator base member before the first coating layer is 
formed thereon. 

[0013] By removing a substantially non-electrically 
conductive coating from the separator base member, a 
sufficiently high electric conductivity between the base 
member and the second coating layer covering the first 
coating layer can be secured, so that the internal resist- 
ance of the separator can be sufficiently reduced. 
Therefore, if the separator base member is formed from 
stainless steel, which tends to form a passive state film 
on its surface, or aluminum, which tends to form an 
oxide film on its surface, the separator for a fuel cell 
attains a sufficiently high electric conductivity. 
[0014] In the separator for a fuel cell of the invention, 
the first coating layer may have a rough surface. 
[001 5] If the first coating layer has a rough surface, it 
becomes possible to increase the adhesion strength 
between the first coating layer and the second coating 
layer and to increase the contact area therebetween 
and therefore decrease the contact resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] The foregoing and further objects, features and 
advantages of the present invention will become appar- 
ent from the following description of preferred embodi- 
ments with reference to the accompanying drawings, 
wherein like numerals are used to represent like ele- 
ments and wherein: 

Fig. 1 is a schematic sectional view of the construc- 
tion of a unit cell, that is, a component unit of a fuel 
cell; 

Fig. 2 is an exploded perspective view of the unit 
cell shown in Fig. 1; 

Fig. 3 is an external perspective view of a stack 



structure formed by stacking unit cells; 
Fig. 4 is a schematic sectional view of a separator; 
Fig. 5 illustrates a production process of the sepa- 
rator; 

5 Fig. 6 is a diagram indicating the contact resistance 

per unit area exhibited by various fuel cell batteries; 
Fig. 7 is a graph indicating changes of the output 
voltage over time exhibited by various fuel cell bat- 
teries; and 

10 Figs. 8 through 1 1 are schematic illustrations of the 
constructions of separators. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

15 

[0017] Preferred embodiments of the present inven- 
tion will be described in detail hereinafter with reference 
to the accompanying drawings. 

[0018] A fuel cell has a stack structure formed by 
20 stacking a plurality of component unit cells. Fig. 1 is a 
schematic sectional view of an example of the construc- 
tion of a unit cell 28, that is, a component unit of a fuel 
cell. Fig. 2 is an exploded perspective view of the unit 
cell 28. Fig. 3 is an external perspective view of a stack 
25 structure 14 formed by stacking unit cells 28. 

[0019] The fuel cell according to a preferred embodi- 
ment is a polymer electrolyte fuel cell. The polymer 
electrolyte fuel cell has, as an electrolyte membrane, a 
solid polymer membrane that exhibits good electric con- 
30 ductivity in a humid condition. In each fuel cell, an 
anode is supplied with a fuel gas containing hydrogen, 
and a cathode is supplied with an oxidative gas contain- 
ing oxygen, so that the following electrochemical reac- 
tions occur. 

35 

H 2 ->2H + + 2e- (1) 

1/2 O z + 2H+ + 2e" -» H z O (2) 

40 H 2 + 1/2 0 2 -> H 2 0 (3) 

[0020] Equation (1) expresses a reaction that occurs 
at the anode in a fuel cell. Equation (2) expresses a 
reaction that occurs at the cathode. In the fuel cell as a 

45 whole, a combined reaction expressed by Equation (3) 
occurs. As indicated by the equations, the fuel cell con- 
verts a chemical energy of a fuel supplied to the cell 
directly into an electric energy, and achieves a very high 
energy efficiency as well known. The unit cell 28, that is, 

so a component unit of the fuel cell, is made up of an elec- 
trolyte membrane 21 , an anode 22. a cathode 23. sepa- 
rators 30a, 30b as shown in Fig. 1 . 
[0021] The anode 22 and the cathode 23 are gas dif- 
fusion electrodes, and sandwich the electrolyte mem- 

55 brane 21. The sandwich-like electrode arrangement is 
further sandwiched by the separators 30a. 30b dis- 
posed opposite sides of the arrangement. Fuel gas pas- 
sages 24P and oxidative gas passages 25P are formed 
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between the separator 30a and the anode 22 and 
between the separator 30b and the cathode 23, respec- 
tively. During assembly of a fuel cell, a plurality of unit 
cells 28 are stacked to form the stack structure 14 as 
shown in Fig. 3. 5 
[0022] In Fig. 1 , it appears that each of the separators 
30a, 30b has ribs that define gas passages, only on one 
side thereof. In reality, however, each of the separators 
30a, 30b has ribs 54 and ribs 55 on two sides as shown 
in Fig. 2. The ribs 54 on one side of each of the separa- w 
tors 30a, 30b define, together with the adjacent anode 
22, the fuel gas passages 24P. The ribs 55 on the other 
side define the oxidative gas passages 25P, together 
with the adjacent cathode 23 (of the adjacent unit cell). 
Thus, the separators 30a, 30b serve to form the gas is 
passages together with the adjacent gas diffusion elec- 
trodes and to separate the fuel gas and the oxidative 
gas that flow in adjacent unit cells. The separators 30a, 
30b are not different from each other in configuration or 
operation in a real fuel cell, and will hereinafter be col- 20 
lectively referred to as "separators 30". 
[0023] The shape and pattern of the ribs 54, 55 on the 
opposite surfaces of each separator 30 can be deter- 
mined as desired, as long as the ribs form a gas pas- 
sage that allows the fuel gas or the oxidative gas to be 25 
supplied to the corresponding gas diffusion electrode. In 
this embodiment, the ribs 54 (55) on each side surface 
of each separator 30 extend parallel, forming parallel 
grooves therebetween. In the schematic illustration of 
the unit cell 28 in Fig. 1 , the fuel gas passages 24P and 30 
the oxidative gas passages 25P extend parallel. In sep- 
arators 30 for use in actual assembly of a fuel cell, the 
ribs 54 on one side surface of each separator 30 may 
extend substantially perpendicular to the ribs 55 on the 
opposite side surface (as shown in Fig. 2). 35 
[0024] The electrolyte membrane 21 is a proton-con- 
ductive ion exchange membrane formed from a solid 
polymer material, for example, a fluorine-based resin. 
The electrolyte membrane 21 exhibits good electric 
conductivity when it is wet. In this embodiment, a Nation 40 
membrane (by DuPont) is used to form the electrolyte 
membrane 21. Platinum or an alloy of platinum and 
another metal has been applied, as a catalyst, to a sur- 
face of the electrolyte membrane 21 . 
[0025] The anode 22 and the cathode 23 are formed «s 
from carbon cloths produced by weaving carbon fila- 
ments. Preferably, the anode 22 and the cathode 23 are 
formed from a carbon felt or a carbon paper formed of 
carbon fiber or filaments. 

[0026] As shown in Fig. 2, each separator 30 has four so 
holes in a peripheral portion thereof, that is, two oxida- 
tive gas holes 50, 51 interconnecting the fuel gas pas- 
sages 24P formed by the ribs 54, and two fuel gas holes 
52. 53 interconnecting the oxidative gas passages 25P 
formed by the ribs 55. In an assembled fuel cell, the fuel ss 
gas holes 50, 51 of the individual separators 30 form a 
fuel gas supply manifold and a fuel gas exhaust mani- 
fold, respectively, that extend through the interior of the 
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fuel cell in the stacking direction. The oxidative gas 
holes 52, 53 of the individual separators 30 form an oxi- 
dative gas supply manifold and an oxidative gas 
exhaust manifold, respectively, that extend through the 
interior of the fuel cell in the stacking direction. 
[0027] To assemble a fuel cell, the above-described 
component members are sequentially stacked in the 
order of a separator 30, an anode 22, an electrolyte 
membrane 21, a cathode 23, another separator 30, and 
so on. to form a stack of unit cells 28. After that, collect- 
ing plates 36, 37, insulating plates 38, 39, and end 
plates 80, 85 are sequentially disposed on the opposite 
ends of the stack of the unit cells 28, thereby completing 
a stack structure 14 as shown in Fig. 3. The collecting 
plates 36, 37 have output terminals 36A, 37A, respec- 
tively, for outputting an electromotive force produced by 
the fuel cell. 

[0028] The end plate 40 has two holes as shown in 
Fig. 3, that is, a fuel gas hole 42 and an oxidative gas 
hole 44. Each of the collecting plate 36 and the insulat- 
ing plate 38 adjacent to the end plate 40 has two holes 
similar in shape and corresponding in position to the two 
holes 42, 44 of the end plate 40. The fuel gas hole 42 
opens to a central portion of the fuel gas hole 50 of the 
adjacent separator 30. For operation of the fuel cell, a 
fuel gas supply device (not shown) is connected to the 
fuel gas hole 42 in order to supply a hydrogen-rich fuel 
gas into the fuel cell. Similarly, the oxidative gas hole 44 
is formed at a position corresponding to a central por- 
tion of the oxidative gas hole 52 of the separator 30. For 
operation of the fuel cell, an oxidative gas supply device 
(not shown) is connected to the oxidative gas hole 44 in 
order to supply an oxygen-containing oxidative gas into 
the fuel cell. The fuel gas supply device and the oxida- 
tive gas supply device humidify and pressurize the 
respective gasses to predetermined extents before sup- 
plying them to the fuel cell. 

[0029] The end plate 41 has two holes at positions dif- 
ferent from the positions of the two holes in the end 
plate 40. Each of the insulating plate 39 and the collect- 
ing plate 37 has two holes corresponding in position to 
the two holes of the end plate 41 . One of the two holes 
of the end plate 41 is a fuel gas hole that opens at a 
position corresponding to a central portion of the fuel 
gas hole 51 of each separator 30. The other hole of the 
end plate 41 is an oxidative gas hole that opens at a 
position corresponding to a central portion of the oxida- 
tive gas hole 53 of each separator 30. For operation of 
the fuel cell, a fuel gas exhaust device (not shown) and 
an oxidative gas exhaust device (not shown) are con- 
nected to the fuel gas hole (not shown) and the oxida- 
tive gas hole (not shown) of the end plate 41, 
respectively. 

[0030] The stack structure 1 4 made up of the above- 
described members is retained with a pressurizing force 
acting in the stacking direction, thereby completing a 
fuel cell. An arrangement for pressurizing the stack 
structure 1 4 is omitted from the illustrations in the draw- 
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ings. 

[0031 ] The flow of the fuel gas and the flow of the oxi- 
dative gas in the fuel cell constructed as described 
above will be described below. The fuel gas is supplied 
from the aforementioned fuel gas supply device into the 
fuel cell via the fuel gas hole 42 of the end plate 40. The 
fuel gas is then supplied into the fuel gas passages 24P 
of each unit cell 28 via the fuel gas supply manifold, so 
that the fuel gas is consumed by the electrochemical 
reaction that occurs on the anode side in each unit cell 
28. Flows of the fuel gas from the fuel gas passages 
24P of the unit cells 28 gather in the fuel gas exhaust 
manifold, and the confluence of the fuel gas moves to 
the fuel gas hole of the end plate 41 . The fuel gas is 
then discharged from the fuel cell via the fuel gas hole 
of the end plate 41 , and then led to the fuel gas exhaust 
device. 

[0032] Similarly, the oxidative gas is supplied from the 
aforementioned oxidative gas supply device into the fuel 
cell via the oxidative gas hole 44 of the end plate 40. 
The oxidative gas is then supplied into the oxidative gas 
passages 25P of each unit cell 28 via the oxidative gas 
supply manifold, so that the oxidative gas is consumed 
by the electrochemical reaction that occurs on the cath- 
ode side in each unit cell 28. Flows of the oxidative gas 
from the oxidative gas passages 25P of the unit cells 28 
gather in the oxidative gas exhaust manifold, and the 
confluence of the oxidative gas moves to the oxidative 
gas hole of the end plate 41. The oxidative gas is then 
discharged from the fuel cell via the oxidative gas hole 
of the end plate 41 . and then led to the oxidative gas 
exhaust device. 

[0033] The construction of each separator 30 accord- 
ing to the invention will be described below. 
[0034] Fig. 4 is a schematic sectional view of a sepa- 
rator 30 according to the embodiment of the invention. A 
base 60 of the separator 30 is formed by joining, face to 
face, two stainless-steel base sheets 65, 66 having pre- 
determined corrugations or ridges and grooves. Two 
opposite surfaces of the base 60 are coated with first 
coating layers 62 of tin. Each first coating layer 62 is 
coated with a second coating layer 64 of a thermal 
expansion graphite. Fig. 5 illustrates steps of forming 
the separator 30. 

[0035] To produce a separator 30, the two base 
sheets 65, 66 having predetermined corrugations are 
formed by mechanically pressing thin stainless steel 
sheets in step S100. The corrugated shape formed by 
pressing makes it possible to form the fuel gas pas- 
sages 24P and the oxidative gas passages 25P when 
the separator 30 is incorporated in a fuel cell. As for the 
base sheets 65. 66 having predetermined corrugations 
formed by mechanically pressing stainless steel sheets 
in step S100. it is possible to use a bulged stainless 
steel sheet, a bent stainless steel sheet, a half-sheered 
stainless steel sheet formed by partially blanking out a 
stainless steel sheet, or the like. For example, as a 
stainless steel sheet, Fe-Cr stainless steel such as mar- 



tensitic stainless steel or terrific stainless steel, or Fe-Ni- 
Cr stainless steel such as austenitic stainless steel, 
austenic-ferritic stainless steel, or semi-austentjc stain- 
less steel may be used. 

5 [0036] Subsequently in step S1 10, the base sheets 
65, 66 formed in step S100 are plated with tin to form 
the first coating layers 62. The first coating layers 62 are 
formed on surfaces of the base sheets 65, 66 that face 
outwards when the base sheets 65, 66 are joined face 

10 to face. The first coating layers 62 may be formed by 
using electro-plating or electroless plating or the like. In 
step S1 1 0 of forming the first coating layers 62, the base 
sheets 65, 66 are subjected to surface treatment to 
remove a passive state layer from stainless steel sheet 

15 surfaces, prior to the plating. The surfaces of the base 
sheets 65, 66 on which the sheets are joined face to 
face do not need to be plated, since the surfaces will not 
be exposed to the fuel gas or the oxidative gas. How- 
ever, in order to reduce the contact resistance, it is pref- 

20 erable that the two opposite surfaces of each of the 
base sheets 65, 66 be provided with the first coating lay- 
ers 62 and the second coating layers 64. For a reduction 
of the contact resistance, the joining surfaces of the 
base sheets 65, 66 may be provided only with the first 

ss coating layers 62. 

[0037] Subsequently in step 120. the second coating 
layer 64 of a thermal expansion graphite is formed;on 
the tin-plated surface (or surfaces) of each of the base 
sheets 65, 66. The thermal expansion graphite is a car- 

30 bon material expanded in volume by treating a carbon 
material, such as natural graphite, carbon black or the 
like, with an acid, and then heating the material. The 
thermal expansion graphite has a layer structure formed 
through the thermal expansion. Layers can be firmly 

35 bound to one another by applying a compressing force 
thereto, so that addition of a binding agent is unneces- 
sary during the formation of the second coating layer 
64. in one example, the second coating layer 64 was 
formed by preparing a carbon sheet of a thermal expan- 

40 sion graphite and press-fitting the carbon sheet onto the 
surface of the first coating layer 62 formed on the base 
sheet through the use of a predetermined shape die. In 
stead of preparing a carbon sheet of a thermal expan- 
sion graphite, powder of thermal expansion graphite 

45 may be directly press-fitted onto the surface of the first 
coating layer 62 on each base sheet through the use of 
a predetermined shape die. During the press-fitting of a 
thermal expansion graphite layer onto the first coating 
layer 62, it is preferred to substantially maintain vacuum 

so in the die in order to achieve a sufficiently high adhesion 
strength. The press-fitting operation may employ a 
mechanical press technique, hydrostatic pressure, or 
the like. 

[0038] Subsequently in step 1 30. the base sheets 65. 
55 66 provided with the first coating layers 62 and the sec- 
ond coating layers 64 are joined face to face to complete 
a separator 64. The base sheets 65, 66 can be joined 
face to face by employing, for example, a method in 
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which the base sheets 65, 66 are adhered by an adhe- 
sive such as an electrically conductive paste or the like, 
or a method in which the base sheets 65, 66 are welded 
to each other by using ultrasonic waves or the like. That 
is, any method may be employed to join the base sheets 5 
65, 66 face to face, as long as the method secures a 
sufficiently high electric conductivity between the base 
sheets 65, 66. Although in the foregoing description with 
reference to Fig. 5, the preparation of the base sheets 
65, 66 coated with the first coating layers 62 and the 
second coating layers 64 is followed by the joining of the 
base sheets 65, 66 face to face, it is also possible to first 
join the base sheets 65, 66 so as to form the base 60, 
and then form the first coating layers 62 and the second 
coating layers 64 on surfaces of the base 60. It is also n 
possible to join the base sheets 65. 66 provided with the 
first coating layers 62 so as to form the base 60 pro- 
vided with the first coating layers 62 and then form the 
second coating layers 64 on the surfaces of the base 

[0039] The use of separators 30 constructed as 
described above in a fuel cell achieves a sufficiently 
high corrosion resistance since the surfaces of each 
separator 30 are coated with a carbon material made of 
a thermal expansion graphite. Furthermore, in the 25 
assembled fuel cell, the carbon material-coated sur- 
faces of the separators 30 are located adjacent to the 
carbon material-made gas diffusion electrode. Since the 
gas separator surfaces and the gas diffusion electrodes 
are made of carbon materials, the contact resistance 30 
between the separators 30 and the gas diffusion elec- 
trodes is reduced. Further, since tin, that is, a base 
metal, and a thermal expansion graphite are used to 
coat the metal-made separators 30 in order to secure a 
high corrosion resistance, the production cost increase 35 
can be reduced or prevented in comparison with a case 
where use of a noble metal, such as platinum, rhodium 
or the like, is required. Still further, the first coating layer 
62, that is, a metal plating layer on the separator 30 of 
this embodiment, is coated with the carbon material, so 40 
that advancement of corrosion from micro-holes in the 
metal plating layer is prevented. Thus, a sufficiently high 
corrosion resistance is secured. Furthermore, this 
embodiment makes it possible to simplify the production 
process of a separator and produce a low-cost separa- 45 
tor having an excellent strength. 
[0040] The separator 30 of the embodiment is pro- 
duced by plating a stainless steel sheet and then coat- 
ing the surface with a carbon material, so that a 
sufficiently high electric conductivity can be achieved, so 
The stainless steel is normally a low-cost metal material 
having sufficiently high electric conductivity and suffi- 
ciently high formability. and therefore preferable as a 
material of a gas separator. However, the stainless steel 
surface carries thereon a passive state coating film, so 55 
that the direct coating of a surface of a stainless steel 
sheet member with a carbon material will give rise to a 
drawback that the passive state coating film increases 



the contact resistance between the carbon material 
coating and the stainless steel base sheet To avoid this 
drawback, the separator 30 of the embodiment is pro- 
duced by forming the first coating layer 62 on each of 
the stainless steel-made base sheets 65, 66 before 
forming thereon the second coating layer 64 of a carbon 
material. The passive state layer is removed by surface 
treatment prior to the plating process of forming the first 
coating layer 62 on each of the base sheets 65, 66 as 
i described above. Therefore, the separator 30 does not 
suffer a contact resistance increase caused by the pas- 
sive state layer on a stainless steel surface. Tin. forming 
the first coating layer 62 in this embodiment, retains a 
sufficiently high electric conductivity if oxidized. There- 
fore, even if tin forming the first coating layer 62 is oxi- 
dized before the second coating layer 64 of a thermal 
expansion graphite is formed thereon, the electric con- 
ductivity of the separator 30 is not significantly reduced. 
[0041] The provision of the first coating layer 62 
removes the passive state layer from the surfaces of the 
base sheets 65, 66, and prevents re-formation of a pas- 
sive state layer, and secures a sufficiently high electric 
conductivity between the first coating layer 62 and the 
second coating layer 64. The provision of the second 
coating layer 64 secures a sufficiently high corrosion 
resistance of the separator 30, to which the first coating 
layer 62 of the separator 30 does not substantially con- 
tribute. Therefore, since the first coating layer 62 does 
not need to be thick, the amount of tin used to form the 
first coating layer 62 can be minimized and, therefore, 
the cost increase can be reduced or eliminated. 
[0042] The metal forming the base sheets 65, 66 of 
the separator 30 is not necessarily stainless steel but 
may also be any metal that has sufficiently high electric 
conductivity, sufficiently high strength and sufficiently 
high formability. for example, aluminum, nickel, titanium, 
aluminum alloy such as Al-Mg alloy or Al-Mn alloy, cold 
rolled steel sheet such as aluminum killed steel, killed 
steel, rimmed steel or vacuum degassed material, and 
the like. A suitable metal may be selected from such 
metals, considering the production cost or the like. If a 
metal that readily oxidizes in air and forms an oxide film 
having no substantial electric conductivity, for example, 
aluminum or the like, is used, the oxide film is removed 
from the metal base sheet by surface treatment prior to 
the formation of a metal layer on the base sheet through 
plating or the like, so that in the produced separator, a 
contact resistance increase caused by the oxide film 
can be prevented. 

[0043] The first coating layer 62 does not need to be 
formed from a stainless steel, but may also be formed 
from a different metal that retains electric conductivity if 
oxidized, for example, nickel, nickel alloy such as Ni-P 
alloy, Ni-B alloy, Ni-Sn alloy or Ni-Fe alloy, titanium or a 
ceramic that has electric conductivity. Examples of elec- 
trically conductive ceramics include nitrides such as tita- 
nium nitride, chrome nitride and the like, and oxides 
such as tin oxide, tungsten oxide, indium oxide, indium- 
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tin oxide (ITO) and the like. Hie material of the first coat- 
ing layer 62 needs merely to be a material which has 
sufficiently high electric conductivity and which does not 
form a passive state film or an oxide film having no sub- 
stantial electric conductivity prior to the formation of the 5 
second coating layer 64. Furthermore, the material of 
the second coating layer 64 needs merely to be capable 
of being formed, through plating or the like, into a film on 
a surface of each of the base sheets 65, 66 from which 
an oxide film or a passive state film has been removed, w 
before a non-electrically conductive film is formed 
again. 

[0044] The method for forming the first coating layer 
62 from a metal having electric conductivity does not 
necessarily employ the above-mentioned electroless is 
plating or electro-plating but may also employ sputtering 
or the like. If a ceramic having electric conductivity is 
used, the first coating layer 62 can easily be formed by 
sputtering. In particular, if an oxide ceramic is used, the 
first coating layer 62 may also be formed by spraying a 20 
solution containing tin, tungsten or the like to the base 
sheets 65, 66 and heating them fo a high temperature 
for oxidation. 

[0045] The second coating layer 64 of a carbon mate- 
rial may be formed by adding a predetermined binder to ss 
carbon powder such as natural graphite, carbon black 
or the like. For example, a resin with acid resistance, 
such as acryl resin, polyester resin, urethane resin, phe- 
nol resin, or phenol-epoxy resin may be added to the 
second coating layer 64. The second coating layer 64 30 
with the resin achieves a sufficiently high adhesion and 
prevents an increase of contact resistance. Further- 
more, a hardener such as epoxy-resin or methyl-mela- 
mine resin for the aforementioned resins may be added 
to improve adhesion and acid resistance. Moreover, as 35 
carbon black, for example, channel black, furnace black 
or acetylene black may be used. As a graphite, for 
example, synthetic graphite, crystal graphite or amor- 
phous graphite may be used. If a thermal expansion 
graphite is used to form the second coating layer 64. it 40 
is also preferable to mix the thermal expansion graphite 
with a different kind of carbon material, such as natural 
graphite, carbon black or the like. If a carbon layer is 
formed by compressing thin pieces of thermal expan- 
sion graphite, an excellent electric conductivity can be 45 
achieved in directions parallel to the layer but an unsat- 
isfactory electric conductivity in directions perpendicular 
to the layer may result. If a different kind of carbon mate- 
rial is mixed as mentioned above, thin pieces of thermal 
expansion graphite can be interconnected by the differ- so 
errt kind of carbon material, so that sufficiently high 
electric conductivity can be achieved in directions per- 
pendicular to the layer (that is, in the stacking directions 
in a fuel cell) as well. The aforementioned different kind 
of carbon material to be mixed with the thermal expan- 55 
sion graphite may be any carbon material as long as the 
partjde size and the amount of the different kind of car- 
bon material used are such that thin pieces of the ther- 



mal expansion graphite are sufficiently interconnected 
by the different kind of carbon material. If the amount of 
the different kind of carbon material to be mixed with the 
thermal expansion graphite is equal to or less than a 
predetermined amount there is no need to add a binder 
when the thermal expansion graphite and the different 
kind of carbon material are compressed to-form a car- 
bon layer, that is. a carbon layer can be formed by the 
binding property of the thermal expansion graphite. 
[0046] The effect of the use of separators according to 
the embodiment in forming a fuel cell was investigated, 
and results are indicated in Figs. 6 and 7. Fig. 6 is a dia- 
gram indicating the contact resistances per unit area 
exhibited by various fuel cell batteries that incorporated 
different separators. The diagram of Fig. 6 indicates the 
contact resistances per unit area exhibited by: (a) fuel 
cell batteries incorporating separators formed only from 
stainless steel, (b) fuel cell batteries incorporating sep- 
arators having tin-plated stainless steel bases, (c) fuel 
cell batteries incorporating separators having nickel- 
plated stainless steel bases, and (d) a fuel cell incorpo- 
rating separators formed by press-forming a thermal 
expansion graphite. Two bars for each of the groups (a), 

(b) and (c) indicate the contact resistance per unit area 
exhibited by a fuel cell incorporating separators coated 
with a thermal expansion graphite layer, and the contact 
resistance per unit area exhibited by a fuel cell incorpo- 
rating separators not coated with a thermal expansion 
graphite layer. 

[0047] The diagram of Fig. 6 indicates that a separator 
having a very low contact resistance can be obtained by 
plating a stainless steel base sheet surface with tin, 
nickel or the like. If separators formed only from stain- 
less steel were incorporated, the contact resistance 
became high as indicated by bars (a) because of the 
passive state surface layer of each stainless steel sepa- 
rator. In particular, if the separator surface was coated 
with a thermal expansion graphite, that is. a material dif- 
ferent from stainless steel, the contact resistance fur- 
ther increased. In the fuel cell (d) incorporating 
separators formed from a thermal expansion graphite, 
the contact resistance was very low because the sepa- 
rators and the gas diffusion electrodes disposed adja- 
cent to the separators in the fuel cell were both made of 
carbon material and because a binder, which normally 
reduces the electric conductivity, was not contained. In 
the fuel cell batteries (b) and (c) incorporating separa- 
tors corresponding to the above-described separator 
according to the embodiment, the contact resistances 
were approximately as low as that exhibited by the fuel 
cell (d) incorporating the separators formed from the 
thermal expansion graphite. The similarly low contact 
resistances exhibited by the fuel cell batteries (b) and 

(c) . regardless of whether the thermal expansion graph- 
ite coating was provided, can be attributed to the rela- 
tively short experiment time for measurement of the 
contact resistance. That is. in a relatively short opera- 
tion time, different anti-corrosion properties have no 
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substantial effect on the contact resistance. 
[0048] The graph of Fig. 7 indicates changes in the 
output voltage exhibited over time by a fuel cell incorpo- 
rating separators formed only from stainless steel, a fuel 
cell incorporating separators with tin plating, and a fuel 
cell incorporating separators with tin plating and thermal 
expansion graphite coating (corresponding to the sepa- 
rator 30). In the fuel cell incorporating separators corre- 
sponding to the separator 30. the resistance did not 
increase and high output voltages were maintained over 
long hours of power generation. In contrast, in the fuel 
cell incorporating separators formed only from stainless 
steel and the fuel cell incorporating separators having 
tin-plated stainless steel base sheets, the resistance 
increased and the output voltage decreased with time 
due to advancement of surface corrosion. 
[0049] The separator 30 of this embodiment achieves 
the above-stated advantages in a fuel cell. It is desirable 
that the first coating layer 62 have a high surface rough- 
ness, in order to increase the adhesion strength 
between the first coating layer 62 and the second coat- 
ing layer 64 of thermal expansion graphite and to 
increase and the adhesion area therebetween and 
thereby further reduce the contact resistance. A con- 
struction wherein the surface roughness of the first 
coating layer 62 is increased will be described below. 
Electroless plating is an excellent technique to form a 
rough plating surface Electro-plating also allows forma- 
tion of a rough plating surface because the plating sur- 
face roughness (fineness) can easily be controlled by 
adjusting the plating current density. It is also possible to 
employ a method in which a third component is added 
to a plating bath for electroless plating or electro-plating 
and. after the plating process, the third component is 
removed from the plating layer, thereby forming a rough 
plating surface. Examples of the third component to be 
added to the plating bath include resins such as phenol 
resins, polytetrafluoroethylene. and the like. The resin 
added to the plating bath as a third component and 
taken up into the first coating layer 62 can be removed 
by heat melting, whereby the surface of the first coating 
layer 62 is roughened. 

[0050] Graphite may also be added to the plating bath 
as a third component If the same graphite material as 
that used to form the second coating layer 64 is taken 
up into the first coating layer 62, the contact area 
between the plating layer forming the first coating layer 
62 and the graphite layer forming the second coating 
layer 64 is increased and the contact resistance is 
decreased. 

[0051 ] Other methods may also be employed to form 
the first coating layer 62 having a rough surface, for 
example, a method in which the base sheets 65, 66 are 
subjected to a plating process prior to the press forming 
process. That is. a flat stainless steel is first subjected to 
a surface plating process, and the plated stainless steel 
sheet is press-formed so as to have predetermined cor- 
rugations, in contrast to the production method for the 



separator 30 illustrated in Fig. 5, in which the base 
sheets 65, 66 are corrugated in a predetermined man- 
ner by press forming, and then plated to form the first 
coating layers 62. In the surface roughening method, 
5 the press forming process forms cracks in the plating 
layer formed previously by the plating process, so that 
the surface of the first coating layer 62 can be rough- 
ened. If bulging is performed as a press forming proc- 
ess, cracks can be particularly effectively formed. If the 
io base 60 is formed by using a thick stainless steel sheet 
as described below, the thick stainless steel sheet may 
be plated and then corrugated by forging, so that cracks 
can be effectively formed in the plating layer. Further- 
more, in stead of the base sheets 65, 66, a clad metal 
15 sheet formed by joining a first metal-made base mate- 
rial with a second metal material by rolling or the like 
may be used. The clad metal sheet is provided with the 
first coating layer 62, and then press-formed. 
[0052] A first coating layer 62 with a rough surface 
so may also be formed by a method in which metal micro- 
powder is jetted (although this method is termed in 
many ways, such as "shot peening", "drive blast", "shot 
blast" and the like, the method will hereinafter be collec- 
tively referred to as "shot peening"). More specifically, in 
25 the shot peening method, metal micro-powder is jetted 
from a nozzle to an object by compressed air. By jetting 
tin micro-powder having a particle size of about several 
ten micro-meters to the base sheets 65, 66, a tin-plating 
layer having a rough surface but no crack nor pore can 
30 be famed as a first coating layer 62 on each of the base 
sheets 65, 66. During the shot peening process, the 
kinetic energy of metal micro-powder is converted into 
thermal energy at the time of impact on an object, so 
that the object surface temperature increases. If tin 
35 micro-powder is jetted, tin micro-powder particles melt 
on an object surface due to increased surface tempera- 
tures, so that tin spreads to form a tin plating layer on 
the object surface. 

[0053] To form the first coating layer 62 by shot peen- 
40 ing as described above, it is desirable that the metal 
micro-powder to be jetted to an object be of a metal hav- 
ing a low melting point (of about 500°C or lower). Exam- 
ples of the metal that has such a low melting point as to 
allow formation of the first coating layer 62, that is, a 
45 plating layer, by shot peening include tin (Sn), indium 
(In), lead (Pb), bismuth (Bi), and the like. Furthermore, 
micro-powder of a Sn-Pb-based alloy, a Sn-Bi-based 
alloy or a Sn-ln-based alloy may also be used. 
[0054] After the first coating layer 62 having a rough 
so surface is formed, a separator can be completed 
through the process as described above in conjunction 
with the first embodiment. That is, the second coating 
layer 64 of a thermal expansion graphite is formed on 
the first coating layer 62 (see step Si 20 in Fig. 5), and 
55 the base sheets 65, 66 provided with the first coating 
layers 62 and the second coating layers 64 are joined 
face to face (see step S130 in Fig. 5). Shot peening 
makes it possible to form a rougher surface of the first 
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coating layer 62 than the above-described electroless 
plating, the electro-plating, and the method in which a 
third component is added to the plating bath for electro- 
less plating or electro-plating. Therefore, employment of 
shot peening increases the adhesion strength between 5 
the first coating layer 62 and the second coating layer 
64 of a thermal expansion graphite, and increases the 
contact area therebetween and therefore decreases the 
contact resistance. The particle size of metal micro- 
powder for shot peening needs merely to be so small w 
that the plating layer thereby formed becomes a uniform 
layer without a pore and to be so large that the surface 
of the plating layer becomes sufficiently rough. The sur- 
face roughness of the plating layer can be adjusted by 
not only the particle size of metal micro-powder but also 75 
the pressure of compressed air used for jetting. Com- 
pared with the method for forming the first coating layer 
62 by electro-plating, the method for forming the first 
coating layer 62 by shot peening has further advantages 
of less energy consumption and faster plating rate. 20 
[0055] Beside the above-described methods, the first 
coating layer 62 with a rough surface may also be 
formed by roughening a surface of each of the base 
sheets 65. 66 prior to the formation of the first coating 
layer 62, and then forming a plating layer on the rough- 25 
ened surface of each of the base sheets 65. 66. Such a 
method will be described below. 
[0056] To roughen the surface of each of the base 
sheets 65, 66, methods such as shot peening, etching 
or the like may be employed. Unlike the shot peening 30 
described above, the shot peening for roughening the 
surface of each of the base sheets 65, 66 uses metal 
micro-powder having such a high melting point that 
when jetted to an object, the metal micro-powder does 
not reside on the object surface. By jetting metal micro- 35 
powder having such a high melting point to the base 
sheets 65, 66, the surface thereof can be roughened. 
The roughness of the surface of each of the base 
sheets 65, 66 achieved by shot peening can be adjusted 
by adjusting the particle size of the metal micro-powder, 40 
the pressure of compressed air for jetting, or the like. In 
the case of etching, a predetermined etching solution is 
used to corrode the surface of each of the base sheets 
65, 66 and therefore roughen the surface. The rough- 
ness of the surface of each of the base sheets 65, 66 45 
achieved by etching can be adjusted by the concentra- 
tion of the etching solution, the etching time, the etching 
temperature, and the like. 

[0057] After the surface of each of the base sheets 65, 
66 is roughened by shot peening, etching or the like, the so 
base sheets 65, 66 are subjected to ordinary electroless 
plating or electro-plating, so that a first coating layer 62 
with a rough surface is formed. After the first coating 
layer 62 is formed, a process similar to that described in 
conjunction with the first embodiment is performed. 55 
That is. a second coating layer 64 is formed on the first 
coating layer 62, and the base sheets 65. 66 are joined 
face to face, thereby completing a separator. If shot 



peening or etching is employed to roughen the surface, 
the surface roughness increases and the adhesion 
strength between the first coating layer 62 and the sec- 
ond coating layer 64 of a thermal expansion graphite 
further increases. For example, if the first coating layer 
62 with a rough surface is formed merely by electroless 
plating, the surface thereof has an irregularity (protru- 
sions and recesses) of less than about 1 jim. In con- 
trast, if the first coating layer 62 is formed on a surface 
of each of the base sheets 65, 66 that has been rough- 
ened by shot peening or etching, the surface of the first 
coating layer 62 has an irregularity (protrusions and 
recesses) as large as about 1 to several ten microme- 
ters. 

[0058] The first coating layer 62 with a rough surface 
may also be formed by a method in which a foaming 
metal is used to form the first coating layer 62. That is, 
the first coating layer 62 may be formed by laminating a 
thin foaming metal film (for example, a foaming nickel 
film) on a surface of each of the base sheets 65, 66. As 
in the case where shot peening or the like is employed, 
the employment of a foaming metal material to form the 
first coating layer 62 increases the adhesion strength 
between the first coating layer 62 and the second coat- 
ing layer 64 formed thereon. A foaming metal material 
can be laminated on each of the base sheets 65. 66 by 
various methods. For example, a forming metal material 
may be adhered to each of the base sheets 65. 66 by 
using an electrically conductive resin or solder. Further- 
more, if the metal sheets of the base sheets 65, 66 are 
sufficiently soft, a foaming metal material can be lami- 
nated on each of the base sheets 65, 66 by press-fitting. 
The base sheets 65, 66 each carrying a foaming metal 
material on the surface can be produced by various 
methods, for example, by preparing a platy member 
formed by joining a metal sheet that forms a base sheet 
with a foaming metal material face to face and press- 
forming the platy member, or by placing a metal sheet 
and a foaming metal material in a mold in a predeter- 
mined sequence and press-forming and laminating 
them simultaneously. 

[0059] In the case where a foaming metal material is 
laminated on each of the base sheets 65, 66, it is also 
possible to form a plating layer on each of the base 
sheets 65, 66 before the foaming metal material is lam- 
inated. In particular, if a sheet of stainless steel, which 
tends to form a passive state film on a surface thereof, 
or a sheet of aluminum, which tends to form on a sur- 
face thereof an oxide film having substantially no elec- 
tric conductivity, is used, the plating process prior to the 
process of laminating the foaming metal material 
advantageously secures a sufficiently high electric con- 
ductivity of a separator because the passive state film or 
oxide film on each of the base sheets 65. 66 is removed 
for the plating process. 

[0060] As can be understood from the above descrip- 
tion, the press-forming process for forming predeter- 
mined corrugations of a separator 30 may be performed 
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either before or after the first coating layer 62 is formed. 
Since the thermal expansion graphite of the second 
coating layer 64 has an excellent extensibility, the sec- 
ond coating layer 64 may also be formed either before 
or after the process of press-forming predetermined 
corrugations. That is, the press-forming process of the 
base sheets 65, 66 may be performed either before or 
after the first coating layer 62 and the second coating 
layer 64 are formed on the base sheets 65, 66. 
[0061 ] When the base sheets 65, 66 of the separator 
30 are joined face to face, predetermined spaces 500 
are defined by inner surfaces of ridge portions of the 
base sheets 65, 66. A sufficiently high electric conduc- 
tivity is provided for the separator 30 by regions of the 
base sheets 65, 66 that are joined (regions of groove 
portions of the base sheets 65, 66). Therefore, the 
spaces 500 may be left as they are. The spaces 500 
may also be filled with an electrically conductive mate- 
rial, such as carbon paste, in order to further increase 
the electric conductivity of the separator 30. 
[0062] Although the foregoing embodiments use, as 
the base sheets 65, 66, articles formed from thin plates 
or sheets, such as bent articles, half-sheered articles or 
the like, it is also possible to use articles formed from 
thick plates or sheets by forging, casting or the like. If a 
forged or cast article is used instead of thin plate-formed 
articles used in the foregoing embodiments, a structure 
having predetermined corrugations can be formed on 
opposite sides of the article during the forging or casting 
process, so that it becomes unnecessary to join two 
base sheets face to face. Fig. 8 shows the construction 
of a separator 130 formed by using a forged article. The 
above-described separator 30 includes the base 60 
formed of the base sheets 65, 66 whereas the separator 
130 shown in Fig. 8 includes a base 160 having prede- 
termined corrugations formed on its opposite sides by 
forging. Similar to the base 60, the base 160 is formed 
from a metal such as stainless steel, aluminum or the 
like. The surfaces of the base 160 are coated with a first 
coating layer 62 and a second coating layer 64 similar to 
those formed on the separator 30. 
[0063] Although in the separator 30 and the separator 
130, the entire surfaces of the base 60, 160 are coated 
with the first coating layer 62 and the second coating 
layer 64, it is also possible to form a first coating layer 
and a second coating layer only on a portion (or por- 
tions) of the surfaces of the base. As an example of 
such a construction, a separator 230 is shown in Fig. 9. 
Similar to the separator 30, the separator 230 has a 
base 60 formed of base sheets 65, 66. The surfaces of 
the base 60 are coated with a first coating layer 62 of an 
electrically conductive material similar to that used in 
the foregoing embodiments. Portions of each first coat- 
ing layer 62 formed on the base 60 are coated with a 
second coating layer 264 of a carbon material similar to 
that used in the foregoing embodiments. The regions 
where the second coating layer islands 264 are formed 
contact the adjacent gas diffusion electrodes when 



incorporated in a fuel cell. 

[0064] If separators 230 as described above are used 
to form a fuel cell, the contact faces between adjacent 
separators 230 can be provided with a sufficiently high 
electric conductivity and a sufficiently high corrosion 
resistance as in the foregoing embodiments. Therefore, 
the internal resistance of the fuel cell can be sufficiently 
reduced and the output voltage of the fuel cell can be 
reliably increased to a sufficiently high level. Further- 
more, since the second coating layer islands 264 are 
formed only on portions of the surfaces of the base 60, 
the separator production cost can be reduced, in com- 
parison with the separators according to the foregoing 



15 [0065] The separator 230 is different from the separa- 
tors according to the foregoing embodiments in that a 
second coating layer of a carbon material is not formed 
in regions other than the contact faces. Such regions 
are regions where a sufficiently high electric conductiv- 

20 ity is not needed when the separators 230 are incorpo- 
rated into a fuel cell, for example, regions where the fuel 
gas passages 24P and the oxidative gas passages 25P 
are formed in the fuel cell. Therefore, the electrically 
conductive material that forms the first coating layer 62 

ss may be a material that oxidizes and therefore loses the 
surface electric conductivity during operation of the fuel 
cell, as long as the degree or extent of corrosion that 
progresses under environmental conditions for the 
operation of the fuel cell is within a predetermined allow- 

30 able range. The second coating layer 264 may be 
formed from a carbon material similar to that used for 
the second coating layer 64. 

[0066] The fuel cell gas separator described above 
needs merely to secure a sufficiently high electric con- 

35 ductivity as well as corrosion resistance in the contact 
faces between the separator and adjacent members in 
a fuel cell, and the regions other than the contact faces 
need merely to have a predetermined corrosion resist- 
ance. Although in the separator 230, the corrosion 

40 resistance of the regions other than the contact faces is 
secured by the first coating layer 62 formed from an 
electrically conductive material, it is also possible to 
secure a corrosion resistance of the contact faces by 
using a different construction. As an example of such a 

45 construction, a separator 330 is shown in Fig. 1 0. 

[0067] Similar to the separators in the foregoing 
embodiments, the separator 330 includes a base 60 
made up of the base sheets 65, 66. A first coating layer 
362 of an electrically conductive material and a second 

so coating layer 364 of a carbon material are formed in 
each of regions corresponding to contact faces that 
contact adjacent members in a fuel cell. The first coat- 
ing layer 362 and the second coating layer 364 may be 
formed from substantially the same materials in sub- 

55 stantially the same manners as the first coating layer 62 
and the second coating layer 64 of the separator 30. In 
each of regions other than the contact faces of the sep- 
arator 330. a hydrophilic layer 370 is formed by coating 
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the base 60. The hydrophilic layer 370 is formed from a 
hydrophilic material, for example, silicon oxide, a water 
absorbing resin, or the like. 

[0068] The effect of hydrophilic surfaces of the regions 
other than the contact faces, more specifically, 5 
hydrophilic surfaces that define the fuel gas passages 
24P and the oxidative gas passages 25P, will be 
explained. In a fuel cell incorporating separators 330, 
the aforementioned electrochemical reactions 
expressed by equations (1), (2) and (3) occur. With 
progress of the electrochemical reactions, water is pro- 
duced at the cathode side as indicated by equation (2). 
Water thus produced evaporates into the oxidative gas 
and. normally, it is let out of the fuel cell. However, in a 
region where temperature is locally lower in the fuel cell, 
as for example, water may possibly condense giving 
rise to a danger of impeding flow of the oxidative gas in 
an oxidative gas passage. Furthermore, the electro- 
chemical reaction occurring at the anode side produces 
protons as expressed by equation (1). Since protons 
hydrate with water molecules and migrate in the solid 
electrolyte membrane, it is a normal practice to replen- 
ish the solid electrolyte membrane with moisture from 
the cathode side during operation of the fuel cell by 
humidifying the fuel gas before the fuel gas is supplied 
into the fuel cell. Therefore, in the gas passages con- 
ducting the humidified fuel gas. too. water may possibly 
condense and impede flow of the fuel gas. However, if 
the surfaces that define the fuel gas passages 24P and 
the oxidative gas passages 25P in each unit cell 28 of 
the fuel cell are hydrophilic, water condensed in a gas 
passage in a unit cell 28 will be guided and led by a 
hydrophilic wall surface of the passage together with the 
gas flow therein so that water will easily be discharged 
from the unit cell 28. 

[0069] Therefore, incorporation of separators 330 in a 
fuel cell achieves an advantage of improving the water 
drainage from each unit cell 28 of the fuel cell, in addi- 
tion to the advantage of securing a sufficient electric 
conductivity and a sufficient corrosion resistance of the 
contact faces that contact with adjacent gas diffusion 
electrodes. Furthermore, the provision of the hydrophilic 
layers 370 improves the water drainage from the gas 
passages and secures a sufficient corrosion resistance 
of the regions of each separator 330 that define gas 
passages. That is, in the regions of the separators 330 
defining the gas passages, the hydrophilic layers 370 
improve the water drainage and, at the same time, 
achieve a sufficiently high corrosion resistance, so that 
the coating layer of an electrically conductive material 
and/or the coating layer of a carbon material may be 
omitted in those regions. 

[0070] Although in the foregoing embodiments, the 
second coating layer of a carbon material is formed only 
on the first coating layer of an electrically conductive 
material, it is also possible to form the second coating 
layer in regions where the first coating layer is not 
formed, so that the second coating layer of a carbon 



20 

material will secure a corrosion resistance in the gas 
passages in each unit cell. As an example of such a gas 
separator, a separator 430 is shown in Fig. 1 1 . 
[0071] Similar to the separators in the foregoing 
embodiments, the separator 430 includes a base 60 
made up of base sheets 65, 66. A first coating layer 462 
of an electrically conductive material similar to that used 
in the foregoing embodiments and a second coating 
layer 64 of a carbon material covering the first coating 
layer 462 are formed in regions of the surfaces of the 
base 60 corresponding to contact faces that contact 
adjacent members in a fuel cell. The first coating layer 
462 is formed only on the contact faces of the base 60, 
from which a passive state film or an oxide film has been 
removed. In contrast, the second coating layer 64 is 
formed over the entire surfaces of the base 60. 
[0072] The separator 430 is provided with a suffi- 
ciently high corrosion resistance by the second coating 
layer 64 covering the entire surfaces. In the contact 
faces, after the passive state film or the oxide film is 
removed from the base 60, the first coating layer 462 is 
formed and the second coating layer 64 is formed cov- 
ering the first coating layer 462. Therefore, as in the 
foregoing embodiments, a sufficiently high electric con- 
ductivity in the contact faces is secured. Since the first 
coating layer 462 is formed only on the contact faces, 
the amount of the electrically conductive material used 
to form the first coating layer can be reduced. Further- 
more, since there is no need to secure an electric con- 
ductivity in the regions other than the contact faces, it 
becomes unnecessary to remove the passive state film 
or the oxide film from those regions of the base 60. 
Therefore, the production process can be simplified. 
[0073] While the present invention has been 
described with reference to what are presently consid- 
ered to be preferred embodiments thereof, it is to be 
understood that the invention is not limited to the dis- 
closed embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. An inexpensive and cor- 
rosion resistant metal-made gas separator(30) includes 
a base(60) formed by joining formed stainless steel 
base sheets face to face. The base(60) carries on each 
of opposite surfaces thereof a first coating layer(62) 
formed by plating with tin. The base is also coated with 
a second coating layer(64) of a thermal expansion 
graphite. When incorporated into a fuel cell, the separa- 
tor contacts gas diffusion electrodes that are formed 
from a carbon material similar to the carbon material of 
the second coating layer(64), so that the contact resist- 
ance is reduced. The first coating layer is formed after a 
passive state coating is removed from the stainless 
steel surface, so that an increase in the internal resist- 
ance of the separator caused by the passive state coat- 
ing is substantially prevented. 
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. A separator(30) for a fuel cell(1 4), characterized by 
comprising: 

a metallic base member(60); 
a first coating layer(62) covering at least a por- 
tion of a surface of the base member(60), the 
first coating layer(62) being formed from a first 
electrically conductive material; and 
a second coating layer(64) covering at least a 
portion of the first coating layer(62), the second 
coating layer(64) being formed from a second 
electrically conductive material that is different 
from the first electrically conductive material, 
wherein the first coating layer(62) is formed at 
least on a face of the separator(30) that con- 
tacts another fuel cell component member 
when the separator(30) is incorporated into the 
fuel cell(14). 

A separator(30) according to claim 1, wherein the 
second electrically conductive material is a carbon 
material. 

A separator(30) according to claim 2. wherein the 
carbon material includes a thermal expansion 



4. A separator(30) according to any one of claims 1 to 30 

3, wherein the at least a portion of the base mem- 
ber(60) on which the first coating layer(62) is 
formed is electrically conductive. 

5. A separator(30) according to any one of claims 1 to 35 

4, wherein the first coating layer(62) has a rough 
surface. 

6. A separator(30) according to any one of daims 1 to 
4, wherein at least a portion of the base mem- 
ber(60) on which the first coating layer(62) is 
formed has a rough surface. 

7. A separator(30) according to any one of claims 1 to 
6, wherein, when oxidized, the first coating 
layer(62) remains electrically conductive. 

8. A separator(30) according to claim 1, wherein the 
first electrically conductive material is one of a base 
metal and an electrically conductive ceramic. 

9. A separator(30) according to any one of claims 1 to 
8. wherein the second coating layer contains a resin 
having acid resistance. 

10. A separator according to claim 9, wherein the resin 
is selected from the group consisting at least one of 
acryl resin, polyester resin, urethane resin, phenol 



resin and phenol-epoxy resin. 

11. A fuel cell(14) characterized by comprising: 

a metallic separator base member(60) com- 
prising a first component member of the fuel 
cell; 

a first coating layer(62) covering at least a por- 
tion of a surface of the separator base mem- 
ber(60). the first coating layer(62) being formed 
from a first electrically conductive material; and 
a second coating layer(64) covering at least a 
portion of the first coating layer(62), the second 
coating layer(64) being formed from a second 
electrically conductive material different from 
the first electrically conductive material, 
wherein at least a portion of the first coating 
layer(62) is formed at least on a face of the sep- 
arator(30) that contacts a second component 
member of the fuel cell. 

12. A method of producing a separator(30) for a fuel 
cell(14), characterized by comprising the steps of: 

forming a separator base member(60) having a 
predetermined shape, the separator base 
member(60) constituting a first component 
member of the fuel cell ; 
forming a first coating layer(62) of a first electri- 
cally conductive material on at least a portion 
of a surface of the separator base member(60) 
which contacts a second component member 
of the fuel cell; and 

forming on at least a portion of the first coating 
layer(62) a second coating layer(64) of a sec- 
ond electrically conductive material different 
from the first electrically conductive material. 

13. A method of producing a separator(30) for a fuel 
cell(14), characterized by comprising the steps of: 

preparing a metallic base member(60); 
coating a surface of the base member(60) with 
a first coating layer(62) of a first electrically 
conductive material; 

forming the base member (60)carrying the first 
coating layer(62) thereon, by using a die; and 
coating at least a portion of the first coating 
layer(62) with a second coating layer(64) of a 
material that is different from the first electri- 
cally conductive material. 

14. A method according to claim 12 or 13, wherein the 
second electrically conductive material is a carbon 
material. 

15. A method according to claim 14, wherein the car- 
bon material includes a thermal expansion graph- 
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16. A method according to any one of claims 12 to 15, 
wherein if the separator base member(60) forms a 
substantially non-electrically conductive coating on 5 
a surface thereof, the substantially non-electrically 
conductive coating is removed from at least the por- 
tion of the surface of the base member(60) on 
which the first coating layer(62) is to be formed. 

w 

17. A method according to any one of claims 12 to 15, 
wherein the step of forming the first coating layer 
includes the substep of roughening the surface of 
the first coating layer(62). 

15 

18. A method according to any one of claims 12 to 15, 
wherein prior to the first coating layer forming step, 
a rough surface is formed at least in a region of the 
substrate base member(60) where the first coating 
layer(62) is to be formed. so 

19. A method according to any one of claims 12 to 15, 
wherein, when oxidized, the first electrically con- 
ductive material remains electrically conductive. 

25 

20. A method according to daim 19, wherein the first 
electrically conductive material is one of a base 
metal and an electrically conductive ceramic. 

21. A method according to any one of claims 12 to 20, 30 
wherein the second coating layer contains a resin 
having acid resistance. 

22. A method according to claim 21, wherein the resin 

is selected from the group consisting at least one of 35 
acryl resin, polyester resin, urethane resin, phenol 
resin and phenol-epoxy resin. 
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